Abstract: Nucleosides are components of both DNA and RNA, and contain 10 either a ribose (RNA) or 2deoxyribose (DNA) sugar and a purine or pyrimidine 11 base. In addition to DNA and RNA turnover, modified nucleosides found in urine 12 have been correlated to a diminished health status associated with AIDS, 13 cancers, oxidative stress and age. Nucleosides found in municipal wastewater 14 influent are potentially useful markers of community health status, and as of now, 15 remain uninvestigated. A method was developed to quantify nucleosides in 16 municipal wastewater using large-volume injection, liquid chromatography, and 17 mass spectrometry. Method accuracy ranged from 92 to 139% when quantified 18 by using isotopically labeled internal standards. Precision ranged from 6.1 to 19 19% of the relative standard deviation. The method's utility was demonstrated by 20 the analysis of twenty-four hour composite wastewater influent samples that were 21 collected over a week to investigate community nucleoside excretion. 22
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Nucleosides originating from RNA were more abundant that DNA over the study 23 period, with total loads of nucleosides ranging from 2 to 25 kg/day. Given this 24 relatively high amount of nucleosides found over the study period they present an 25 attractive analyte for the investigation of community health. 26
27

INTRODUCTION 28
Municipal wastewater contains community scale information [1] [2] [3] . There 29 have been numerous methods developed for the quantification of illicit drugs [4] [5] [6] , 30 personal care products 7, 8 , and pharmaceuticals 9, 10 in municipal wastewater 31 influent and effluent. Endogenous compounds such as steroids have also been 32 investigated in municipal wastewater 11 . The concentrations of these substances 33 are converted to mass loads by the multiplication of wastewater volume in order 34 to account for dilution [12] [13] [14] . Community drug use, which is an important 35 indication of community health has been investigated with the use of influent 36 loads 6, 12 . Prescription pharmaceuticals also have some potential as indicators 37 of community health with the use of prescription records, dose estimation and 38 pharmacokinetic data when compared to loads. Possible prescription drug loads 39 that could be used to determine the overall health status of a community could 40 include anti-cancer, anti-viral drugs or metabolites. The usefulness of 41 prescription drug loads may be limited due to potentially sparse use throughout 42 the community. 43
Nucleosides are components of both DNA and RNA, and contain a purine 44 or pyrimidine base and either a 2deoxyribose (DNA) or a ribose (RNA) sugar. 45
Nucleosides are damaged in oxidation or alkylating reactions that produce 46 modified nucleosides which remain incorporated into DNA, repaired or ultimately 47 excreted in urine 15, 16 [34] [35] [36] . In order to retain and 83 separate nucleosides and modified nucleosides a polar-modified column 84 employed. Nine nucleosides were chosen to a proof of concept and demonstrate 85 method applicability. Twenty-four hour composite influent samples were 86 obtained and analyzed in order to demonstrate the feasibility of the developed 87 method as a step to achieve the overall goal of investigating community health 88 via wastewater analyses. 89
EXPERIMENTAL 90
Chemicals and Materials. Adenosine (A), 2'-deoxyadenosine (2dA), guanosine 91 Mass spectrometric parameters (Table 1) were controlled (along with the LC) 116 using Analyst version 1.5.1. Ion source temperature was set to 375ºC, ionization 117 potential set to 5 kV, nebulization gas was set to 20 arbitrary units, desolvation 118
Page 6 of 23 Analytical Methods   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 gas was set to 45 arbitrary units, curtain gas was set to 25 arbitrary units and 119 with one sub-sample being collected after every 6.9 x 10 4 L of influent. 50 mL 132 aliquots of composite samples were collected at 4ºC in HDPE centrifuge tubes, 133 transported directly to the lab, and immediately frozen at -20ºC until analysis. 134
Standard and Sample Preparation. Standard calibration and quality control 135 solutions were prepared for analysis at concentrations ranging from 3x10 3 to 136 2x10 5 ng/L using 10 mM ammonium acetate spiked with the internal standard 137 mix to a final concentration of 5x10 3 ng/L. All samples were prepared by thawing 138 to room temperature and then centrifugation at 4 x 10 3 g for 30 min using a VWR 139 clinical 100 centrifuge (Radnor, PA, USA) in 15 mL tubes. 1425 µL of sample 140 was then transferred into a 1.5 mL autosampler vial, spiked with 75 µL's of 141 samples made up 25% of the total sample sequence, which was completed in 154 one day. Rejection criteria of the quality control samples were +/-15% of the 155 initial calculated concentrations at the beginning of the run sequence. 156
Standard Addition, Accuracy, Precision. The use of a solvent-based 157 calibration curve was determined appropriate for quantification of wastewater 158 samples by using standard addition. Internal standards were deemed 159 appropriate for quantification based on if there was a statistically significant 160 difference (95%CI) between the solvent-based calibration derived value of the 161 initial concentration in the sample and quantification using a calibration curve 162 within the matrix using a 95% CI of the slope. The initial concentration of the 163 sample was determined in the matrix by extrapolating the linear regression to the 164 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 x intercept by using the additional concentrations. Wastewater samples were 165 initially analyzed along with five different concentrations to extrapolate to the x 166 intercept by calibration in the wastewater matrix. The accuracy of the method 167 was determined by analyzing an over-spiked sample 8 times (Table 2) . 168
Limits of detection, quantification and ion suppression. Limits of detection 169 (LODs) were determined by spiking concentrations of internal standard into a 170 wastewater sample and analyzing four times to determine the lowest 171 concentration that yielded a S/N (peak to peak) ≥ 3. LOQs were defined as the 172 concentration of the lowest standard with a S/N ≥ 10. The percent of ion 173 suppression was determined subtracting the ratio of the average area counts of 174 internal standard peaks (n=8) in 10 mM ammonium acetate, by the average area 175 counts of internal standard in wastewater (n=9) and multiplying by 100 (Equation 176 1). The method detection limit (MDL), and method quantification limit (MQL) was 177 calculated by multiplying the LOD (ng/L) or LOQ (ng/L) by 100 and dividing the 178 product by the percent of the sample recovery (100%) multiplied by the 179 concentration factor of one. 180
Analyte Stability During Collection and Storage. Analyte stability during 181 sample collection was determined by collecting 500 mL of fresh wastewater 182 influent and storing an aliquot at 4ºC over 24 h, and another aliquot at 24ºC 183 (room temperature) for three hours. Samples at 4ºC were collected initially and at 184 12, and 24 h and directly frozen. Samples held at 24ºC were taken initially and 185 after three hours and then directly frozen. Samples were then analyzed in 186 quadruplicate during one analytical sequence. 187 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 The mobile phase was then held at 80% B until 13.5 min and then linearly 211 ramped to 0% B at 13.75 min. The mass spectrometer divert valve switched 212 from load back to inject at 15 min. The flow rate was then increased to 0.6 213 ml/min at 15.10 min and held until 19.50 min when the switching valve diverted 214 flow back to the autosampler, which was done in order to speed up column 215 equilibration. The earliest analyte, cytidine (Figure 2) , has an elution time of 216 approximately 1 min after the divert valve switch, which is 6 min after sample 217
RESULTS AND DISCUSSION
injection. 218
Method validation. The accuracy which was determined by calculating the 219 percent difference between quantification using a solvent based calibration curve 220 and calibrating in the matrix by standard addition were 100 +/-20% except for 221 2dC (100 +/-39%) ( Table 2 ). Precision was also determined using the same set 222 of samples and ranged from 6.05 %RSD in U to 18.59 %RSD in 7-MG (Table 2) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Samples collected and stored at 4ºC generally displayed a slight increase 234 in concentration. 2dG concentrations were significantly (95%CI) higher within the 235 24 h sample, while A displayed significantly (95%CI) were significantly higher than nucleosides containing 2deoxyribose on every day 247 sampled (Figure 4) . The total uncertainty of calculated loads were calculated 248 using the sum of the analytical uncertainty which is analyte dependent, the 249 uncertainty associated with the flow meter (0.25%) and estimated sampling 250 uncertainty of 5% (Equation 2). This would indicate that there are more 251 nucleosides originating from RNA than DNA, which makes sense given that the 252 turnover of DNA is slower than RNA 28 . Wastewater influent flow displayed 253 diurnal variation on four out of the six days (Figure 4) , with the other two days 254 (October 2 to 3) appearing to have been influenced by rain events (Figure 4) . 255
During October 2 and October 3 there seems to be a significant amount of 256 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 infiltration of stormwater into the system given that this is not a combined 257 (stormwater and wastewater) sewer system. The loads of nucleosides are 258 lowest on October 1 when there was no precipitation (Wednesday) and increase 259 until sampling is complete on October 4 (Saturday). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 as a metabolite originating from human use. Nucleosides in this study were 280 observed to be relatively stable in wastewater at 4ºC and room temperature 281 without the influence of biofilm. Given these factors future investigations related 282 to comparing the loads of nucleosides between communities may have to take 283 nucleoside transformation and or addition via biofilm into consideration. 284
Conclusions. The goal of this study was to develop an analytical method to 285 quantify nucleosides in municipal wastewater. The method developed in this 286 study was applied to analyze 24 h composite samples, which were used to verify 287 the presence and to quantify nucleosides in wastewater and to investigate their 288 stability. This method offers an insight into the total amounts of selected 289 nucleosides found in municipal wastewater influent. Thus, the method developed 290
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